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16 Abstroct 
Phase II of the "Aircraft Noise Definition" program consisted of a DC-8-61 flight tes 


program with an objective to improve the statistical accuracy of the noise data 
reported in Phase I of the program and to broaden the data base to include measure- 
ments at long distances and at a thrust required for a steep approach. Noise measure 
ments were made during flyovers up to au altitude of 8000 feet, at sideline cistances 
up to 8009 feet and at target thrusts of 15,000, 1U,000, 5000, 3200, and 20UG pounds, 
This document reports tne data acquisitions, the analysis procedure, and the results 
in terms of variations in reference-day EPNL and A-weighted sound level with slant 
ranze; overhead to sideline neice levei relationships and data showing lateral noise 
attenuations, Data accuracy is described in terms of assignable confidence limits. 

A comparison was made between reference-day noise leveis determined for surface 
weather conditions and by a method that accounts for upper-air variations in the 
sound-path weather, <A method that adjusts for lateral noise attenuation in computiny 
EPNL's for sideline locations was suggested, 
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SEC TION | 
INTRODUCTION 


The growth in commercial jet transport operations has brought an increawe 

in_ aircraft noise great. enough to be considered as an environmental problem. are 

to the au *raun ing aleport communities. In response to Federal legislation 

dealing with the community innpact of aircraft noise, the Federal Aviation | 

Administration (FAA) ts conduc ting comprehensive studies of the definition 

of aircraft noise, in support at the study objectives, the Douglas Aireratt 

' Conpany, McDonnell Douglas Corporation, is engaged in an FAA- sponsored 
Arrcralt Noise Definition Program. Phe program requifes that Douglas 
provide araphic and computerised acous:ic and performance data on selected | 
aircraft that are in current fleet operations. The program objectives are to 
in: developed in three phascs: Phase t, Analysic of Existing Data: Phase I, 
Monimumn Data Acquisition Program: and Mhase (ll, Expanded Data Acquisi- 

tron ‘Feat Pragram Plan, ‘This report is a documentation of the resulta of 

flyover-noise testing of a Douglas DC -&-61 aircraft for the Phase {l portion 
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Fi Peter a eee on way , 
Fiesta shasta F 


i 


aire 
willed e 


of the program, 


the results of the Phase ! analysis of existing Douglas DC-8, DC-4. and 
14) 16 aircraft fMyover- noise data were reported in Reference 1, Certain 
tre hniques used in the analysis of the Phas lL data were developed for 
ihase 1, reported in Reference 1, ani are therefore, in most instances, 


: ete , 
ecb tt 8AM dette coattails OBA, tte anes 


referenced rather than repeated, 


tinder Phase U, flyover -noise teveis for specified ombinavoss of viterartt 


performance and altitude for the DC &- ol were measured and analyaec for 


a ‘minimum data acquisition program with an objective te imp-ove the 
evisting data base and ine rease oat ten co leveis in sreaa found is be 
deficient inthe Phase tl study. Aliso atinmtecest is the variation af potse fevel 


with distance to the sideline frore the air. ratt flignt peth. 


ltresented in this report are detailed descriptions of the test condiious, the 
Nyvaver-noise nicasurement system, andthe data processing and analysis, 


| 

; : | 

the cesalts of the data analysis are summarized, the datiaccurary is 
| 

] 

| 


dissussed, and the 90-percent litnits ot confidence defeemineu, [nn addition, 


revisions of the computer program listings for acoustic-data computations, 
developed and reported in Phase I, are included in the appendixes to this 
report. 
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The effects of considering the variations in upper-air temperature and 
relative humidity on the propag...on of the flyover-noise were studied with 
comparisons made between noise spectra adjusted on the basie of surface 


weather and a layered weather technique. 


A suggested method to be used in the determination of sideline noise levels : 
is also presented. 
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SECTION 2 
TEST DESCRIPTION 


Flyaver-noise tests were conducted with a Douglas DC-8-61 aircraft at Yuma 


International Airpurt, Arizona. The tests consisted of level flights. and 


simulated take-off and approach flyovers as !istert in Vable |, with flizht 


I ee LL 


° profiles as shown in Figure !. Microphones, space pousiiicniny:, meteoru- 
lugical, and associated data recording systems were iocaied as shown in 


e Figure 2. 


‘The tests were conducted during the evening and early morning hours of 
November 6 - 8, 1973. The time of day tur each test run is given in 
YVable 1, 


This section describes the test aircraft, site, and data. acquisiticn equipment 


© tsed during the testa. 


1 
| 


2.1 AIRCRAFT CONFIGURATION i 

i 
The test aircraft was a Douplas Pt &- 6) aircraft, buselaye No, 373, FAA 7 
Registration No. N8087U, a coromercial transpor! puwerea by four Pratt 
and Whitney JT3D-3B turbofan engines, equippec woh production nacelles. , 
‘Vhe aircraft was leased frem: United Air Tines for the period of these ! 
Myover tests. Figure 3 is a three view of the DC -2-ni airerart, showing the 
vross dimensions, lecation of the engines, toe cS piicestone antenna, wnod 
the lases tracking targets used tor aircraf., space position determination 
during the flyovers, 


the aire raft systems conf.zaraions for incase teusis were pmeuma.. ane 
hydraulic systems NORMAL. auxilhary power unit OFF, Janagine tizhts ON, 
and the landing gear extended ter ail runs. The astcrait pro.s weight aud 


flap and landing gear position tor each run are liste tin Pable C-i of 


f ppendix ©. 
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TABLE 1 


AIRCRAFT NOISE DEFINITION — PHASE tt 
DC-8-61 FL TOVER-NOIGE MEASUREMENTS 


TYPE OF PROFILE 
FLYOVER (710. 1) 
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Ea NT 
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NOTE: 


TAK! OFFS -- STARTED FROM LEVEL FLIGHT, SIMULATED AFTER ARRIVAL AT A SELECTED POINT OVER RUNWAY 


FULL POWER TAKEOFF (RUN! 1,2, 5, 6, 11 ANO 22-25) — RATED THKEOFF ENGINE PRESSUKE RATIO 
MAINTAINED 


o REOUCED THRUST TAKEOFF (RUNS 12, 13 AND 2) ~ POWER ADJUSTED FOR SPECIFIED ROTOR SPEEO WITH 
ULIMBOUT AT PRESCRIBED AIRS[PEED 
APPIN GACH PO eR - MAINTAINED UNTIL END OF RUN ARRIVAL AT SELECTED POINT OVER RUNWAY, CONTINUED 
LEVEL UNTIL CLEAR CF AREA 
O  APPROALH (RUNS 15, 20 AND 21) ROTOR SPEED MAINTAINED TO MINIMIZE FAN NOISE VARIATIONS 


6 REDUCE THRUST APPROACH (RUNS 16,17 ANO 18) — THRUST ASSOCIATED WITH HIGHER ANGLE 
WLIDESLOPE 
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r 
VANG SPAN 
OVERALL LENGTH 
OVERALL HEIGHT 42.4 FT 
ILS GL. DESLOPE 
ANTENNA 
RETROREFLECTOR FOR 
LASER TRACKING 
9 
\ 
| 
: 
| 
‘ 
FIGURE 3 THREE VIEW OF DC-361 
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2.2 TEST SITE DESCRIPTION 


The flyover-noise tests were conducted at the Yuma International Airport, 
Yunia, Arizona, The general topography of the test site and the location of 
the inatrumentation systems are shown in Figure 4, 


The natural surfaces are sandy soil having various degrees of compaction, 

with loose compaction predominating. The in situ surfaces adjacent to all ‘ 
test microphones were spaded in a random pattern to assure consistent 

surface conditions for all microphones, and ulso eliminate the possibility of 
excessive surface absorption at any of the mensurement locations. 


The re were no obstructions, for exainple, trees. buildings, hills, or cliffs 
at any measurement point which were in violation of the 75-degree half-angle 
requirementa. The terrain waa not perfectly flat at all measurement points; 


however. it was acceptable for the purposes of acoustical measurements. 


Climatological data for sucface weather conditions at Yuma were compiled 
by National Weather Corporation for the month of November over a h4-year 
period, The data sources were (1) U.S. Air Force Revised Uniform 
Summary of Surface Weather Conditions (1950-1960) and (2) Environmental 
Science Service Administration climatological data for Yuma, Arizona 
(1960-1972), A summary ot the frequency of occurrence of the surface 
Weather conditiona of wind, temperature, and relative humidity that are 
within FAR Part 36 limits as a function of calendar month is given in 


Fipure B-1] of Appendix B. 


A summary of temperature-inversion characteristics a3 a function of 


calendar month i; given in Figure B-2 of Appendix B. 
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Measured surface temperatures, relative humidities, wind speeds, and wind 
directions for the periods of the test aircraft flyovers are summarized in 
Table B-! and Figure B-3 of Appendix B. Plots of the continuous recordings 
of the associated upper-air sound-path weather data are given in Figure B-4 
of Appendix 3, 


All surface-weather measured data were within the FAR Part 36 limits of 
41) to 86° Fahrenheit temperature; 30- to 90-percent relative humidity; and 
0- to 10-knot wind speed. 


2.3 FLYOVER-NOISE MEASUREMENT SYSTEM 


The Douglas Aircraft Company has designed and developed a variety of 
special equipment and data instrumentation systems to meet requirements 

of the various acoustical tests conducted, Over the past 4 years Douglas 

has designed, developed, implemented (in an incremental fashion), and 
operated, at high utilization rates, a comprehensive state-of-the-art 
aircraft-noise measurement system described below. The subsysterns used 
to acquire the required data during aircraft flyover noise testing a:e grouped 
into four categories; thai is, those for acoustical, meteorological, space- 
positioning, and airplane operating parameters, These subsystems are 
shown in Figure 5. 


2.3.1 Acoustical Parameters 


The flyover-noise data acquisition system is shown in Figures 2, 5, and 6. 
The control portion of the system is housed in the mobile sound-recording 
van shown in Figure 5, 


Eight of the nine microphones were tripod-mounted with the microphone 
cartridges 4 feet above the ground and oriented such that the flyover noise 
impingement on the microphone diaphragm was at approximately grazing 
incidence throughout the noise recording. The ninth microphone was flush- 
mo:nted (Figure 7). All microphones (except the flush-mounted) were fitted 
with windscreens for all teats. High-frequency preemphasis was utilized 
during recording of approach and takeoff noise tests. For each noise 
recording, the gain settings on the signal-conditioning amplifiers were set 
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FIGURE 6 FLYOVER NOISE DATA ACQUISITION SYSTEM 
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FIGURE 7. MICROPHONE INSTALLATIONS 


to obtain optimum signal-to-noise ratios for optimum dynamic recording 
range on the magnetic tape. The flyover-noise data were recorded ona 
14-channel intermediate:band FM recorder operating at 30 inches per 
seccnd. In addition, the time of day (IRIG-.) code) synchronized to the 
standard time broadcast by radio station WWV (National Bureau of Standards) 
was recorded ona separate tape channel, along with each flvover-noise 
recording. A dynamic system calibration with a reference sound pressure 
level was recorded in the field with a piston-phone that generates a sound 
pressure level of 124.0 + 0.2 dB at 250 Hz. Frequency-response calibration 
signals of the recording system (excluding microphone cartridge) were 
recorded, The signals consisted of a 90-second recording of broadband 
"pink" noise generated by a precision pseudo-random noise generator with 


a noise period of 2.2 seconds. 


Immediately before or after each flyover-noise measurement, a recording 
was made of the ambient noise levels, with the same system gain setting as 


was used for the flyover recording. 


2.3.1.1 Psuedotone Correction - Flyover noise was measured with a 
flush-mounted microphone located at ground level in close proximity to one 


of the tripod-mounted noise measurements locations (Figure 7), The primary 
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objective of measuring flyover noise with this microphone was to establish 
the presence or absence of low-frequency pseudotonzs in measured flyover- 
noise spectra due to ground-reflection phenomena. A discussion of pseudo- 
tones and their sigrificance is contained in Appendix D. 


2.3.2 Aircraft Operation Parameters 


The definition of Nyover-noise levele for specific aircraft operation 
parametero required the monitoring and recording of (!) airplane flight 
conditions, (2) propulsion-system operation, and (3) airplane systems con- 
figuration. The parameters considered necessary to be recorded for the 
flight-test program are as listed in Table C-1 of Appendix C. 


The flight-test aircraft was equipped with an Airborne Dig‘tal Data System 
(ADDS) (Figure 8), cameras focused on the pilot instrument panel and flight 
engineer panel (cockpit cameras) and other visual cockpit indicators 
(flight-card recording) {Figure 9). The ADDS uses both analog and digital 
transducers and includes signal conditioning, analog-to-digital conversion, 
and multiplexing to record all data on one tape track of a direct wide-band 
leinch recorder. Elapsed time was obtained by recording output signals of 
a time code generator on the data tape using the IRIG-B code. 


Calibrated instruments were used to cbtain the aircraft-system data listed in 
Table C-1!. 


2.3.3 Meteorological Parameters 


Meteorological data, particularly temperature and relative humidity, are 
required to determine the attenuation of flyover noise cue to atmospheric 
absorption and to correct the measured SPL's to standard or reference-day 
weather conditions. 


2,3,3.1 Surface Weather Conditions - Flyover-noise meteorological 
equipment includes a 10-meter Mobile Atmospheric Recording Tower (MART) 
system with temperature, relative-humidity, and wind-velocity recorders, 
and is trailer-mounted and towed by the acoustics van (see Figure 5), Sur- 
face weather-sensing and - recording equipment includes two small portable 
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weather stations typically located at sclected microphone locations for 
continuously recording the same parameters as above, but near microphone 
level (5 feet), and two sets of hund-held motor-driven precision psychrom- 
eters and wind-speed indicators. 


The MART surface measuring system consists of a Beckman- Whitney 
Model No. 101 wind system producing a strip-chart record of wind speed 
and wind direction on time-calibrated paper and a Weather-Measure 
Model H341 temperature and relative-humidity measuring system, which 
also produces a time-calibrated strip-chart record, 


2.3.3.2 Upper Air Gounding - Upper air sounding data were in general taken 
before, during, and after the flyover-noise tests to define the vertical 
gradients of temperature, humidity, and wind. The parameters measured 
were ambient air temperature, wind speed and direction and difference 
between wet- and dry-bulb temperatures. Data were recorded to the height 
of the test aircraft for a given series of flyovers (up to about 8000 feet). 
The minimum accuracies of these measurements were +0.5°F for air 
temperature and the difference between dry-bulb and wet-bulb temperature, 
+3 «nots for wind speed, and +10 degrees for wind direction. The soundirz 
data summarized in Appendix B were obtained by the National Weather 
Corporation, The Figure B-4 plots represent data that was continuously 
recorded from ground level to the maximum altitude, 


2.3.4 Space-Positioning Parameters 


Accurate space-positioning data must be available during noise-data 
processing to define propagation distances for sound-path normalization, 
The sound-path distance must be precisely synchronized in time with the 
noise data. A Mobile Automatic Laser Tracking system (MALT) uses an 
autotrack monopulse optical-radar, with a multipower laser as the ranging 
beam energy source, MALT, which is self-contained in a smal! truck 
(Figure 5) uses a portable power source and can acquire, track, and record 
the position of a retroreflector-equipped airplane, ..acking range is up to 
60, 000 feet, with elevation and azimuth coverage of -5 to +45 degrees, and 
+120 degrees, respectively. If line of sight permits, microphone locations 
can also be determined from the MALT van, thereby eliminating the need 
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for normal surveying. All space-positioning data (and time codes) are 


re-orded on magnetic tape in a digital format for subsequent computer 
processing. 


‘laryet acquisition is initially obtained manually by using a television 
monitor, Subsequent automatic tracking provides azimuth, elevation, and 
range data for magnetic-tape recording. The target aircraft retroreflector 
(Figure 5) reflects a 1060-Angstrom laser beam back to the receiver, The 
transmitter is a flash-pumped, Q-spoiled Nd:YAG laser that develops 1-MW 


peak power ata rate of 100 pps. The power of the system is automatically 


controlled as a function of range to keep the radiated power below the eyesafe 
level. Position accuracies achieved are +1. 0 foot for aircraft at a range of 


2000 fect and +12. 0 feet at a range of 30, 000 feet from the MALT system, 


Data processing is accomplished on either the IBM 360 or Sigma 7 computers 
by using the original recorded tape as the input data tape. Space position 
data relative to the runway, or relative to any other desired coordinate 
system, are provided in selectable tabular or plotted formats. Velocity an! 
acceleration data are derived from position data by standard vector 
techniques, Orientation and calibration of the MALT system are achieved 

by tracking surveyed static targets before and after each test. The proc~- 
essed data provide the rotation and translation coefficients necessary to 


represent the position of the aircraft relative to the desired coordinate 


system. 


SECTION 3 
DATA PROCESSING AND ANALYSIS 


The information acquired for the various flyover-noise measurement 
parameters is processed by analog and digital data reduction and analyses. 
The Douglas-developed Flight Data Center (FDC) contains a large-scale 
digital computing system (XDS Sigma 7) and a variety of input and output 
devices, including tape drives, line-printers, card-readers, Cathode-Rizy 
Tube visual displays, and hardcopy displays. The FDC which is shown in 
Figu:e 10 is the facility where all of the various types of data acquired by 
the noise-measurement system described in the previous section ere 
integrated to generate the normalised flyover-noise levels discussed. The 
magnetic tape generated by the FDC is used as an input to a computer pro- 
gram determination of noise levels adjusted to reference conditions of 
weather and aircraft performance. 


3.1 DATA PROCESSING SUBSYSTEMS 


Noise signals on magnetic-tape recordings are reduced to time-series 
spectra by the Douglas-developed Controlled Integrating Spectrum Analyzer 
(CISA) shown in Figure 10. Figure 11 is a block diagram of the system, 
showing the data flow and monitoring points. The system consists primarily 
of a General Radio (GR) 1921 Real-Time Audio Spectrum Analyzer controlled 
by a small digital computer. An incremental magnetic tape is generated for 
further data processing within a large-scale digital computer (XDS Sigma 7). 
The GR-1921 is a hybrid spectrum analyser with 24 analog 1/3 octave band 
filters and a digital detector section employing true integration techniques. 
This analysis system meets the requirements specified in Paragraph 436. 2(d) 
of FAR Part 36. Table 2 lists some of the basic characteristics of the major 


components comprising CISA, 


Each flyover-noise recording was digitized by using a 0, 5-second 
integration period mode within the GR 1921, to encompass ambient noise and 
the 10-PNdB down points both prior to and past the point of maximum Tone 
Corr :cted Perceived Noise Level (PNLTIM). The digitizing time-spans were 
determined from A-weighted-level histories of the flyover-noise recordings. 
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The sound pressure level reference calibration signals, the broadband "pink'' 
: random noise, the frequency-response calibration signals, and the ambient 

noise were digitised for subsequent computer processing, Approximately 

10 seconds of ambient noise were analysed for each flyover-noise recording. 

To obtain a maximum degree of repeatability, the pink" noise frequency- 

response calibration .as processed by ensemble averaging within the 

XDS Sigma 7 of thirty 2, 3-second integration-time data samples. 


The Douglas-developed FORTRAN computer p: ram (L3SL operating on an 
XDS Sigma 7 computer) is used to autornatically edit and combine the 
measured 1/3-octave-band levels from the CISA system, the space- 
positioning data generated by MALT, the airplane-performance data as 
recorded by the ADDS, and the meteorological data from MART to obtain 
normalised 1/3-octave acd full-octave band SPL's, as well as other flyover- 
noise measures su.hae PNL, PNLT, and EPNL (Figure 12). With the 
exception of the meteorological data, all of the above data are recorded in 


digital format on magnetic tape, with punched cards as an alternate. The 
meteorological data are normally input on cards. 


To meet the requirements of FAR Part 36, Paragraph A36. 2(d) (4), the 
computer program perforn:s "moving averages'' of three 0. 5-second scans 
(obtained from the CISA 0, 5-second integration-time samples) to produce 
sound pressure level values (corresponding to ''Slow" on a Sound Level 
Meter) every 0.5 second. 


TE OE ES OT TT 


, The computer program corrects any effects that the ambient noise may have 
i on the flyover-noise sound pressure levels and to ensure chat erroneous 

i spectral irregularity corrections are not computed when the flyover-noise 
levels fall below the ambient noise levels. All flyover-noise levels between 
5 dB and 10 dB of the ambient noise are corrected for the presence of the 
ambient noise on an energy basis. ‘he standard acoustical procedure used 


SO 


consiste of convertin the decibel levels to relative powers, subtracting the 
ambient power fron. che flyover-noise power, and then converting back to 
Gecibels. All flyover-noise vand levels within 5 dB of the ambient-noise 
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FIGURE 12. BASIC DATA COMPUTING FLOW FOR TEST DAY PNL'S AND PNLT'S (PROGRAM L3SL) 


band level are deleted, For the spectra with deleted noise band levels, 
additions were made to the tone-correction procedure of Appendix B, FAR 
Part 36, Thus averaged levels (from pre- and post-deleted band levels) are 
used to prevent calculation of erroneous tone corrections for spectra with 


deleted-noise band levels. 


‘jhe computer program automatically accounts for all gain adjustments 
applied to the data generated by CISA, normalizes the 1/3-octave band levels 
using reference -level calibration signals of any ‘requency in the range of 


interest, adjusts for system frequency response |:. using recorded 


Pn tn 
pa re hr cn ee A et. 


iy roadband- random pink-noise signals, and accounts for the presence of : 


hackpround noise on an energy basis. a 


Values of PNL and EPNL were derived after the application of FAR Part 36 
required procedures, They include data-averaging time, averaging-time 
mode, duration-time mode, deletion of spurious tone corrections, 
atmospheric-attenuation corrections (Reference 2), and reference flight ! 


profiles and/or reference microphone positions, 
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The L3SL OCUM® output tape was combined with airplane measured and 
calculated engine performance data (program C3AC) by using Sigma 7 
Computer Program A9NG. The resulting Sigma 7 TMERGE’ tape was then 
input into IBM 370 computing system utility program AINA. 


For engine parameters auch as rotor speed (N,), a short time average 
(t'me = closest point of aircraft/200) centered about PNLTM (+0. 5 sec) was 
obtained. A simple average of the N, from each of the engines was com- 
puted and used as the N, for that flyover. Other parameters on the data 
tabulations that remain constant during each run, such as flap position, 
were obtained directly from the tabulations, 


For certain incomplete MALT space-positioning data, a manual position 
technique was used to determine aircraft position and path airspeed data. 
The technique is discussed in Appendix A. 


The .tput of the data-processing procedure consists of a variety of line 
printer tabulations, computer-generated plots, and a computer-generated 

i ‘sed composite magnetic tape that contains the time histories of the 

tes. ‘lay 1/3-octave band sound pressure levels, time correlated with engine 
and uight parameters weather, and space position data. This tape is 
generally the scurce of data for subsequent engineering analyses. 


3.2 #-RCRAFT THRUST CALCULATION 


Thrust was obtained from an engine performance program (FZ2RA02) made up 
of installed-engine fan and yas-generator characteristics coupled with a 
thrust c_lculation procedure based on the Douglas nozzle characteristics, 
These characteristics were derived from flight tests of the JT3D-3B- 
powered DC -8-55 and DC-8-61 aircraft during initial certification, 


Thrusts for the Phase II test runs were obtained by using the measured 
in-flight engine pressure ratios (EPR) tor the given test-run flight conditions 
with the F2RA02 engine performance program. 


‘Douglas deszignation for binary magnetic tape record 
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143 DATA ANALYSIS, ADJUSTMENT, AND PRESENTATION 


4.3.1 Data Analysis 


‘The magnetic tape generated by the digital computing system (XDS Sigma 7) 
is the source of input data for an IBM 360 computer program (E2QH) used to 
process the flyover-noise data to determine test and reference-day EPNL's 
and peak A-weighted sound levels. A flow diagram of this program is given 
in Figure 13, The line printer output from the E2QH computer program 
provides test and reference-day (77°F and 70 percent relative hurnidity), 
time histories at 0.5 second intecvals, aircraft slant range, 1/3-octave band 
sound pressure levels, perceived noise levels (PNL), tone corrected per- 
ceived noise levels (PNLT), A-weighted sound levels, and overall + wnd 
pressure levels, ‘The ambient 1/3-octave band and overall sound pressure 
levels for each measurement are listed. Test and rcference-day effective 
perceived noise levels (EPNL) are also calculated, Representative examples 
of this presentation are shown in Table C-2 of Appendix C. For tinal 
presentation, the EPNL data are aajusted in accordance with FAR Part 36 
procedures to reference condition» appropriate for the aircraft, and noted 


for each set of curves. 


resented in Table E-1 of Appendix i: is a summary of the test-and 
reference -day EPNL and peak A-weighted sound levels, the applicable 
adpustments to these levels, and the correspondiny adjusted values for the 
Nyover-noise levels. Discussed in \ppendix E, is the sequential procedure 


tollowed in applying each adjustment to derive the flyover-noise levels. 


4.3.2 Data Adjustments 


vhe E.2Qil computer program is based on the specified procedures of FAR 
bart $+ and is desij:ned to provide flyover-noise levels for aircraft noise 
certification, To meet the data presentation requirenients tor the Aircraft 
Noise Definition Proyram certain adjustments must be made to the EPNL 
and A-weighted sound levels provided by the production version of the E2QH 
computer program, These adjustments were made to account for the 
presence of psuedotones and to norrnalize each run to a target aircraft powcr 
setting and airspeed, ‘Ihe discussion of psuedotones is presented in 


\ppendix ID. For the Phase II data, Table F.-1, all tone corrections at 


25 


— 


a ne ee 


WOTR/ JOT3 WIVYUDOLd UBLNANOD BSION OOF WEI 40 WYUDVIC MOT El 3 


ODOwe * WT BOR 

GM Debs 34158008 
EZ ist> ove wor 

Wis meres, 1.° mao) © 


uNDIs 


moi & 6 


= av? 
Werte We bres © 
Wee" em 


Teoh 


26 


ee 


frequencies below 1600 Hz were « onsidered as psuedotones resulting from 
xround reflection phenomena and not characteristic of the source noise. 
‘Therefore, the PNLT velues obtained from the (E2QH) computer program 
analyses were modified, as necessary, 80 as not to be based on psuedotone 
corrections, A summary of the psuedotone adjustments is shown in 

Table D-1 of Appendix D. 


Power-setting adjustments are made in both EPNL's and A-weighted leve!s 
lo normalize each data point to the target thrust of the group. ‘he adjust - 
ments applied to the reference-day noise levels are listed in Columns 18 
and 20 of Table F-1, 


The reference-day EPNL's are adjusted to reference airspeeds appropriate 
for the power setting. Column [7 of Table F-1 is a tabulation of the 
corrections determined by the relation 
ALPNE = 10 104 19 (Viust/’ Ref! 
The reference airspeeds (Ver! arc representative of those associated with 
FAR Part 36 noise certification at the DC-8-61 maximum takeoff and landing 
wrass weights (4325, 000 and 240, 900 pounds) and their respective Map settings 
15 and 50 deprees, On the hasis of reference -day weather conditions, the 
reference airspeeds used were 180 KTAS for takeoff and 155 KAS far 
approach, 


4.3.3 Data Presentation 


The reference-day, adjusted noise levels, lis isd in colunins 19 and 2] of 
Vable E-1 provide the input data for the noise cu.ve development procedure 
discussed in Appendix FF. Phe adjusted acousti: data are plotted as noise 
level variation with distance in zroups comprising, data of one power setting, 
and a least-square curve is faired through the data points, For purposes of 
smoothing and extrapolating the curves, cross plots are niade at selected 


slant ranges to provide the means for plotting all the desired thrust settings, 


Power settings for the DC-&8 aircraft are identified by referred net thrust 


(FL fs 
N° amb 
speed (Nj A nf r,) in order to be compatible with the approach performance 


): approach power settings are also :dentified by referred tan 
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charte in Reference 1. Linear interpolation may be used for determining 
noise levels at intermedixte power settings within a set of curves normalised 
to the as.me airepeed. 


For thrust values between takeoff and approach, appropriate adjustment of 
the noiee curve is required before the interpolation is performed. The 
difference in terme of EPNL between takeoff and approach airspeeds is 

0.6 EPNdB. The transition range for the DC-32 aircraft is between 6000 and 
8000 pounde. If, for example, the DC -8-61 is in a takeoff condition at 

7500 pounds thrust, the levele along the 5000-pound thrust curve should be 
decreased by 0,6 EPNdB (corresponding to conversion to 180 KTAS) before 
interpolation is performed. [If the airplane is in approach, the 0.6 EPNdB 
should be added to the 8000-pound curve before interpolation is performed. 


The power setting usually falls within the airspeed range of either takeoff 
or approach, a.ué the airspeed correction applied to the curve value of F PNL 


ie calculate¢ in a straightforward manner, 
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SECTION 4 
DISCUSSION OF RESULTS 


The analysis and resultant ncise level information presented in this report 
are based on the flyover-noise measurement data obtained from the Phase II 
DC. - 8-61 aircraft Night test conducted during the period 6-8 November 1973, 
The analytical methodology and acoustic data computations developed in 
Phase I of t.¢ program were applied to the data. The results of the analysis 
of the acousti: data are presented as variations with slunt range of reference- 
day (17°F, 70-percent humidity) EPNL and peak A-weighted sound level's, 
dBA, (maximum A-weighted sound levels during flyover), The data were 
plotted for several power settings ranging from takec ff thrust to the thrust 
typical of a high-glide-slope approach. In addition, the effects of elevation 
angle or sideline distance from the flight path were studied, and levels of 
lateral noise attenuation were defined, lhe statistical accuracy of the data 
used in the EPNL plots was also determined. 


4,1 EFFECTIVE PERCEIVED NCISE AND A-WEIGHTED SOUND LEVELS 


The results of the analysis of the Phase II flyover-noise measurements are 
presented in Figures 14 and 15 as EPNI. and A-Weighted sound level 
variations with slant ranges, The preparation of the plots followed the 
techniques discuased in Section 3 and wa» identical to that used in the 
Phase I analysis of existing DC-8-61 flyover-noise data, 


Comparison of Figures 14 and 15 with the respective plots of Phase I data 
(Figures Jand 4 of Reference |) shows a general overall lowering of noise 
levels for a comparable engine thrust and slant range. Plots of the EPNL 
variations with slant range are compared in Figure lo for two representa - 
tive thrust settings. The difference in EPNI.'s varices between 4 dB at 
short stant ranges (400 feet) and 6 to 12 dB at large slant ranges (5000 feet). 
A ximilar comparison between the A-weighted sound levels would show 

2 to 4 dB(A) at short ranges (400 feet) and 5 to 9 dB(A) at large siant 
ranges (5000 feet). 
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An investigation of these differences was made by reviewing the methods 
used in data acquisition, processing, and analysis. The investigation 
identified sevcral factors that could explain the differences in the two sets 
of data. Quantitative estimates of the effects of three of the factors have 
been made, but euch estimates of the effects of other factors are not 
available. The discussion that fullows indicates the effects of the partial 


adjustment resulting from the application of the three quantitative estirnates. 


Different methods were uged in determining the flight paths of the airplane. 
For the Yuma tests, the MALT tracking system (Paragraph 2.3.4) was 

used, which has a demonstrated acuuracy of +0.05-percent. For the Fresno 
tests, the less accurate photographic method was used. The photographic 
method has a +10-percent estimated degree of repeatibility (within two 


standard deviations). 


The noise measurement and diata processing systems for the two tests were 
not identical, but it is believed that the differences could not have introduced 


any appreciable variances in the noise data, 


There were three differences in the noise analyses. First. the Yuma data 
were corrected for pseudotones in the low frequency bands of the spectra. 
No pseudotone corrections were applied to the “resno data, however Had 
corrections been applied, the Fresno data would have been adjusted downward 
by about | EPNdB. Second, the scund-path distances were determined differ 


ently. The direct overhead height to the aircraft was taken as the sound-path 


distance in the i’resno tests. For the Yuma tests, the truce sound-~path 
distance (distance between microphone and airplane aut the time of !?Ni.1'M) 
was used. A quantitative estimate of the cffects of this difference is not 
available. Third, the aircraft overhead height was taken as the slant rane 
at CPA in plotting the Fresno data. The Yuma data were plotted at the true 
values of slant range at CPA, The use of the true slant ranye for the Fresno 
data would have reduced the noise levels approxiinately 0 to 0.5 EPNdB. The 
sirmplifying assumptions used in the Fresno analyses were appropriate in that 
program, since the primary objective of the program was the determination 
of the incremental changes in noise dus to nacelle acoustical treatment. 


Accuracy in the absolute levels of the noise was of lesser importance. 
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A review of the surface and sound-path weather records obtained during the 


two teats showed that the surface weather conditions were acoustically similar 
but that the sound-path weather during the Yuma tests was characterized by 
generally lower absolute humidities. Differences in the test-day noise spectra 


| 
} 


tend to reflect the weather variations in that the low-frequency banda of the 
spectra tended to agree well, but the SPL's in the higher frequency bands for 
the Yuma data tended to be lower. In conformance with Part 36 procecures, 
weather corrections have been based only on surface weather. 


Although no validated method for adjusting noise for sound-path weather varia- 
tions is known, an estimate was made ot adjustrnents in the Yuma dats that 
mighi roughly account for the sound-path weather variations. This estimate 
and its reaults are presented in Appendix (i, « * -re possibl. adjustments 
ranging from +0,3 to +2.9 EPNGdB are indicatea, The adjustments for the 
takeoff power average +0.7 EPNdB, for cutback power +1,2 EPNdB, and for 
approach power +1.8 EPNAIB. Corresponding adjustments for the Fresn:. 


data are not available. 


The three quantitative adjustments Mentioned above are compared in Table 3 
with the incremental differences, An explanation of the residual differences 
shown in Table 3 could conceivably be found in the combined effects of the 
iesaer altitude accuracy of the Fresno data and the lack uf a consistent and 
valisiated method for adjusting both sets of data for sound-path weather 


variations, 


TABLE 3 
PARTIAL ACCOUNTING OF DIFFERENCES BE TWEEN 
PHASE | AND PHASE !t 


a oe 
| LONG SLANT 

1 LOW ALTITUDE/ RANGE/ ‘ 
' APPROACH TAKE OFF 


| THHUST THRUST 
are 1 £400 F1/5,000 1.8) | (3000 FT/16,000 LB) 


1 REP ONTED EPA, OIF PC HENCE ! 
(PHASE | PRASE tt, fF} GUHE 16) 


, PSUFIGTONE AUSUS TMEN SE 


| ALTITUDE VS CPA Pt OTTING 
i” ADJUSTMENT 0 


LAYERED WEATHER ADIULTMENT | ’ 
4 
ADJUSTED DIFFERENCE ; 
(PHASE 1 - PHASE 11) L 
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4.2 LATERAL NOISE ATTENUATION 


‘The determination of noise levels from an aircraft flyover directly overhead 
lepends on measurement of a complex set of physical variables. The 
variations of noise level with distance shown in Figures 14 and 15 are based 
on measurement of these variables. However, the generation of cornmunity 
noise-impact area contours utilizes not only overhead noise data but also 
data from the slant-range sideline noise measurements for given aircraft- 
altitude profiles, Variations of extra ground attenuation (EGA), shieldiny, 
and directivity effects as functions of elevation angle (fh), must be considered 
in any accurate definition of noise impact area. As a Phase IJ study objec- 
tive, data were measured on cither side of the flight path during aircraft 
Nyovers and analyzed in an effort to determine these combined effects on 


lateral noise attenuation. 


Figure 17 is a plot showing the variation of lateral noise attenuation with 
elevation angle (8) for three pcwer settings. The variation is a function 
of j} and the distance D to the side of the flight path, The data points shown 
comprise a range of sideline distances from 2500 feet to 8000 feet and slant 


ranges to approximately 9900 feet. 


‘lo normalize the data, differences in noise levels for equal overhead and 
sideline sound paths were calculated, thus removing effects of attenuation 
due to atmospheric absorption and spherical divergence, When piotted, the 
data points collapse to a single curve, rather than the expected spread at 
any given elevation angle with variations in sideline distance. These data 
would indicate that the lateral noise attenuation is primarily a function of 
elevation angle (§); and that the effect of sound patl length is negligible. 
Additional noise-level measurements at sideline distances ot 500 to 1500 feet 
and at low aircraft altitudes (300 feet); as wellas large slant-range flyovers 
at small elevation angles, should help to confirm or revise the observed 


trend, 
4.3 LATERAL PROPAGATION EFFECTS 


The possible effects of test-site asymmetry on flyover-noise level 


measurements are recognized, Other studies (Reference 5) have ascribed 
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to EGA, anomolous sideline noise levels for small elevation angles (3- to 
4-degrees) of the flyover aircraft (400 feet), It was pointed out that elevation 
differences between sideline measurement locations could be the "explanation" 
for differences in long-range (6000 feet), symmetrical, sideline noise-level 
measurements, 


In selecting Yuma International Airport as the test site for the Phase II 
flyover tests, consideration was given to the relatively flat terrain; and 
although the data from the tests have limitations (single location on NW side), 
a quantitative evaluation was made of the test site asymmetry. 


Figure 18 shows plots of EPNL variations with distance to the sideline of the 
flight path, at altitudes near 1, 000 feet, for thrust settings of 15,000, 10, 000, 
5, 000, and 2,000 pounds. The plots show symmetry for the data available, 
however, on one side only a single location at 2500 feet was used. There- 
fore, the symmetry at large sideline distances and low elevation angles 


could not be determined. 


Figure 19 presents similar plots for thrusts of 15, 0C0, 10,000, and 

5, 000 pounds at altitudes near 5000 feet. The curves are relatively flat 
compared to those in Figure 18, this demonstrates the effect of the difference 
in sound path length between overhead and sideline locations. The relative 
increase in sound path lengths in going from an overhead distance of 

1, 000 feet to a sideline distance of 8, 000 feet is approximately eight times 
(Figure 18); the relative increase in sound path distance in going from an 
overhead distance of 5, 000 feet to a sideline distance of 8, 000 feet is 
approximately 1.9 times (Figure 19). The difference in attenuation for 


these distance factors, based on spherical divergence is approximately 12 dB, 


Figure 20 shows the noise level variation for overhead and sideline distances 
for various aircraft flyover altitudes at takeoff thrust. As the flyover alti- 
tude is increased, there is a noticeable flattening of the curves, because the 
centerline noise levels decrease and the sideline noise levels increase with 


increasing elevation angle (§). 
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EPNL 1EPNGOB: 


NOISE LEVELS ADJUSTED 
TO REFERENCE DAY USING 
SURFACE WEATHER 


RUN 28 
ALTITUDE - 6410 FT 
Fr/é - 15,000 L8 


110 


RUN 40 
ALTITUDE -- 220 FT 
Fay/é = 10,000 LB 


RUN 33 
ALTITUDE 5240 FT 
tye - S000 Lis 


4 3 ? 1 i) 1 2 3 4 5 6 ? 8 
BIDE LINE OISTANCE (1000 FT) 


FIGURE 19. VARIATION OF NOISE LEVEL WITH SIDELINE DISTANCE FOR 
VARIOUS THRUSTS — AIRCRAFT ALTITUDE NEAR 6000 FT 
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RUN 11 
ALTITUDE — 1140 FT 


RUN 28 
ALTITUOE — 5410 FT 


4 3 2 i] 0 1 2 3 a 8 6 ? 8 
SIDELINE DISTANCE {1000 FY) 


FIGURE 20. VARIATION OF NOISE LEVEL WITH SIDELINE DISTANCE FOR 
VARIOUS ALTITUDES AT TAKEOFF THRUST, F,./5 = 16,080 LB 
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4.4 DATA ACCURACY 


The statistical accuracy of the data used in determining the EPNL curves in 
Figure 14 is tabulated in Table 3 in terms of the 90-percent confidence 
limits. The noise data used were measured at the centerline microphoncs, 
corrected to reference-day conditions :.nd adjusted to the reference airspeed 


and appropriate target thrust, 


‘The method used in the analysis utilized grouping of the normalized data 
points by sets in a limited altitude range and adjusting each data point to a 
common altitude by the technique shown in Figure 21. The sample data 
point was adjusted from its measured CPA of 1140 feet to the common slant 
range of 1500 feet along a path parallel to a segment of the 10, 000 pound 
curve from Figure 14. Applying a OEPNL of -3. 3 EPNdGB to the measured 
105.5 FE PNdB (at the CPA) results in an EPNL of 102.2 DPNdB. Each point 
is adjusted to 1500 feet in the same manner, and the percent confidence 
limits of the six data points determined by using the small sample t distri- 
hution method as follows (Page 244 of Reference 4): 


‘the small sample confidence limits, », for 90 percent is given by 


> Ss 
He X +t — 
ae Tn 

n 


where t 45 is the distribution factor dependent on the number of samples, 


[ 2 2 2 
an (X, -X) + (X, -X) ----t (X_-X) 


n-] , 


and K # average of n samples consisting of Xi X,----X.- 


The results shown in Table 3 indicate the 90-percent confidence limits to 

be better than +1.0 EPNdB, except for the low-altitude range (450-650 feet) 
at 15, 000-pounds thrust (+1,27 EPNdB), and the mid-altitude range at 

5, 000-pounds thrust (+2.29 EPNdB). Of these, only the latter data are 
outside the program objective of equal or better than +1.5 EPNdB 90 percent 


confidence limits. 
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ACF DAY EPNL ADJUSTED TO REFERENCE AIRSPEED INTS ADJUSTED TO 
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FIGURE 21. DATA POINT ALTITUDE ADJUSTMENT 
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The three low altitude data points at i5, 000-pounds cornprise the group 
diving 41.27 EPNdB confidence; although the ecatter of these points, as 
seen in Figure !4, does not appear excessive. Figure !4 aleo shows the 
three 5000-pound data points near 1603 feet, which when grouped with the 
three data points near 1350 feet (all adjusted to 1500 feet) result in the 
largest confidence interval of +2.29 EPNdB. The scatter is evident in the 
E-PNL plotted data but cannot be accounted by variations in airspeed or 
thrust. 


The data for long distance and low thrust (2, 000-pounds) showed very 
favorable results as reflected in the confidence limits. 


4.5 LATERAL NOE ATTENUATION ADJUSTMENT 


Although not initially a test objective, a brief study was made into methods 
of presenting the effects of lateral noise attenuation, including EGA, and 
the manner in which far sideline distances and low airplane altitudes 
combine to produce lower-than-expected noise levels. Other studies 
(References 5 and 6) have suggested a fan plot or "ladder technique" for 
presenting adjustments to EPNL values to account for EGA effects. Fach 


plot, however, is limited to a specific power setting, thus requiring several 


plots and considerable interpolation to determine off-design values. As a 
result a method is suggested aa a procedure to compute EPNI.'s for side- 


line locations. This method, Figure 22, is based on the relationship 


Vv 
EPNL ® EPNL,, ~ 10 log os LNA 
10 a. 
REF 


wher 
EPNL 2 normalized EPNL, EPNdB 
V ws aircraft velocity 


VeREF = reference aircraft velocity 


LNA 8 lateral noise attenuation, EPNdB 
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Figure 22 is presented as a suggested method with no attempt made to 
provide quantitative values. 


4.6 VERTICAL PROPAGATION EFFECTS 


Sound propagating through the atmosphere is subject to uniform spreading 
losses that follow the inverse square law of spherical divergence and atmo- 
spheric absorption (or "excess attenuation"), Reference 2 was issued by the 
SAE as a recommended practice for determining atmospheric absorption as 

a function of temperature and humidity and applying adjustments to determine 
standard-dey noise levels. Subsequert to its issuance, APR 866 wis 

subject to critical evaluation. However, at the present time, it is the 
accepted method used to meet the requirements for FAR Part 36 aircraft 
noise certification. Therefore, all noise levels presented in this report are 
based on the procedur:s uf ARP 466. This recuired the use of surface 
weather conditions (temperature and relative humidity measured at 10 meters 
above the ground) and adjusting the measured data to reference-day values 


(77°F and 70-percent relative humidity). 


It was an objective of this study to investigate what ffects variations in 
temperature and relative humidity along the entire nvise propayation path 


might have on the determinatiun of the reference-day noise levels, 


The method followed was to segment the sound path in horizontal strata from 
the noise source (aircraft) to the measurement location. For each segment, 
the average weather conditions were determined from the information 
provided by Figure B-4 of Appendix B. A computer subroutine from the 
F:2QH program (see Paragraph 3.3.1) was used to determine the ARP 86€¢ 
adjustments in the sound path distance in each segrnent; the sumunation of 
these adjustments was applied to the measured data, anda reference-day 
noise level spectrum plotted. Shown in Appendix G are tabulations of 
comparisons between EPNL values determined by the layercd-weather and 
the FAR, Part 36 methods (Table G-1). Also shown in Figure G-l, are 
representative examples of the 1/3-octave band spectra plots, 
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The ceference-day EPNL values determined by the layered weather method 
varied from values determined by the FAR, Part 36 method by +0.3 dB (for a 
low altitude cutback thrust flight; to +2.%° dB (for an intermediate altitude 
approach thrust flight). Generally, the 1/3-octave band spectra determined 
by both methods, at time of PNILTM, were quite similar, as shown for 

Run TIA on Page 151. However, as seen for Run 33BR on Page 156, large 
differences did occur. This anomoly is unexplained and therefore, further 
research into the effects of sound-path weather variations is needed before 


this technique can be applied. 
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SECTION 5 
SUMMARY AND CONCLUSIONS 


I'lyover-noise tests of a Douglas DC-8-6] were conducted at Yuma, Arizona 
during 6-8 November 1973. Noise data from the flight tests were analyzed 
and derivations cf the normalired EPNL and A-weighted sound level variations 
with slant range were made. ‘he noise levels for thrust settings from 
2000-pound approach thrust to the JT3D-3B takeoff thrust and slant ranges 
from 200 to 10, 000 feet (or minbnum noise levels of 80 EPNdB or 65 dBA) 
were plotted. The data used were from measurements of the overhead-noise 
levels and did not include any lateral noise attenuatica effects. 


Comparison of the plotted FPN. and A-weighted sound levels with the 
respective plots of the data from Phase I indicates values that are lower 
than previously reported. The EPNL's range from about 4 to 12 EPNdB and 
the A-weighted sound levels 2 to 9dFA lower than the values shown in 
Reference 1, with the larger differences occurring at the longer slant 
ranges. 


From a comparison of the measured overhead and to the sideline noise icvels 
for several power settings a significant relationship between lateral noise 
attenuation, the flyover elevation angle (§), and the surface distance to the 
side of the flight path (D) was found to exist. Both the elevation angle and 

the sideline distance are interrelated in the determination of lateral nvise 
attenuation, but of the two factors, the angle of elevation is the most 


sipnificant. 


No significant asymmetry was noted in the measured test data to a sideline 
distance of 2500 feet. 


The plots of the EPNL variation with distance to the sideline of the flight 
path exhibit a noticeable flattening with increases in aircraft altitude for a 
viven thrust setting. This is because of the relatively large changes in 
sound path distance, with altitude increases, for the near centerline 
locations as opposed to only minor changes in sound path distance to the 


more distant sideline location, for a comparable increase in altitude, 
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The statistical accuracy of the data used in determining the plots of EPNL 


variation with slant range was cvaluated in terms of 90-percent confidence 


\ 

limits. The results indicate the confidence limite of EPNL to be leas than 

: +1.0 EPNdB for most thrusts and altitudes; this was also the case for the 

; at 

DC-8-61 data reported in the Phase I study. For the 5000-pound thrust setting 

at mid-altitudes, the calculated limits were +2.29 FEPNdB and for 15, %00- 

pound thrust the limits were +1.27 EPNdB. The larger confidence limits 

calculated for those two thrusts result from variations in the data that are 
i 
i 
4 
{ 


uncxplained at this time. 


Methods of plotting lateral noise attenuation adjustments were studied and a 
suyzested procedure to compute EPNI.'s for sideline locations was presented. 


Vertical propagation effects were studied and noise level adjustments for 
suund-path weather variations were estimated, Thie estimate indicated that : 
a l to 2 EPNGB difference might occur for low altitude (less than 2000 feet) : 
flyover noise when weather corrections are made on the basis of sound-path 


weather rather than surface weather. 


‘The noise levels determined for th: DC -8-61 as a result of the Phase II fly- 
overenoise tests are generally lower than those previously reported in Phase I, 
A review was made of the methods used in the two tests in data acquisition, 
processing, and analyses. The review identified three differences in the 
analytical procedures that contributed to the variances and it identified 
several other factors, including suound-path weather variations, that might 


uxplain the remainder of the difference. 
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APPENDIX A 
EVALUATION OF DATA ACQUISITION 


The flyover-noise measurement runs atternpted for Phase II of the Aircraft 
Noise Definition Program are listed in Table | of Section 2. The exact 
space positioning of all microphone locations is shown in Table A-1. Noise 
data were recorded for all runs. However, only the data listed in Table A-2 
were reduced and used in this report. 


2 All Flight 1 ADDS data contain varying degrees of erroneous data for all 
airplane parameters. Most of the erroneous data is recognizable; however, 
other necessary operational data are unavailable for Flight 1. Therefore, 
none of the Flight 1 data were used in the analysis reported in Section 4, 


‘The acoustic data for microphone sideline distances of 5, 000 feet or more 
are severely limited by the levels of ambient and microphone system noise, 
the system noise consisting of extraneous high-frequency signals, Where- 
ever possible, the extraneous high-frequency content was eliminated, and 


care was taken to use the lowest possible levels of valid ambient noise for 
each run, 


The following runs had incomplete MALT space-positioning data: Runs 5, 6, 
24, 25, and 27 through 34, The deficiencies were eliminated by manual 
position data input with a point every 2 seconds. The following techniques 
were used to interpulate for the incomplete MALT space-positioning data: 


1. The available tracker altitude data were compared with the corresponding 
airplane pressure altitude obtained from ADDS data. Aircraft pressure 
altitude was corrected to correspond with tracker altitude, and the 


corrected pressure altitude was then used for missing tracker altitude 
data. 


| 
| 
| 


2. A similar technique was used for path speed, where indicated airspeed 
was adjusted tu agree with tracker airspeed. The adjusted airspeed was i 
used for the incomplete path speed data. 
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3. The X-position of the airplane was calculated from the X-component of | 
path speed. | 


4. Lateral position was obtained by extrapolating available MALT 
lateral-position data. 


The flyover-noise data drop-out" due to ambient and system noise was 
anticipated, and the amount <' vuiid data obtained compared to that attempted 
was high (greater than 90-pers-:!; Consequently, the objective of the test 
was well satisfied. 
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APPENDIX B 
YUMA, ARIZONA, TEST-SITE WEATHER CONDITIONS 


‘lhe dry-bulb temperature, relative humidity, and wind speed and direction 
weather conditions were recorded during the flyover-noise testing at ground 


level and by upper-air soundings. The latter data were obtained by the 
4 


National Weather Corporation with the following techniques: 


1. ‘Temperature and relative humidity were obtained from continuous 
recordings from a instrumented light aircraft. 


tw 
. 


Wind speed and direction were obtained from theodolite tracking of 
weather balloons. 


‘the test day surface and sound-path weather conditions are summarized as 


follows: 


Figure B-1. Summary of Frequency of Occurrence of Surface 
Weather Conditions within FAR Part 36 Limits. 


Figure B-2. Summary of Temperature Inversion Characteristics by 
Month, 


Figure B-3. Plots of Measured Test Day Surface Weather. 
‘Table B-i. Summary of Test Day MART Weather Measurements, 
Figure B-4, Plots of Upper-Air Sound-Path Weather Data. 


‘The data from Figure B-4 was used in the layered weather determinations 
discussed in Section 4,6 and the data presented in Appendix CG. 
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TABLE 8-1 
MOBILE ATMOSPHERIC RECURDING TOWEN WZATHER DATA 
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APPENDIX C 
SUMMARIES OF ACOUSTIC & AIRCRAFT OPERATION DATA 


The printed output data from the computer program analyses of the measured 
acoustic and aircraft operation parameters are summarized and presented in 
Tables C-1 and C-2. 


Table C-1 is a summary of the measured aircraft operation parameters used 


in analyzing the flyover-noise data. 


Table C-2 presents selected representative computer program flyover-noise 
analyses of the Phage II flight test. These outputs from the E2QH computer 
program provide listings of the aircraft, weather, and test site parameters 

used in each analysis. Also shown are the following: 

1, !/3-octave band SPL's at 0. 5-second intervals 

2, 1, 3-o0ctave band center frequency of tone correction adjustment 

3. Time history of overall SVL's at 0. 5-second intervals 

4. Time history of A-weighted sound levels at 0.5-second intervals 

5, Time history of PNL values at 0, 5-second intervals 

6, Time history of PNLT values at 0. 5-second intervals 


7. Time history of acoustic range for noise levels at 0, 5-second intervals 


{sound path distance) 


8, Time history of optical range for noise levels at 0, 5-second intervals 


(slant range of aircraft at time flyover-noise reached microphone) 
y, Phot of time history of @NI.T 


OQ. Notse levels at time of PNILTM. 
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APPENDIX D 
GROUND REFLECTION PSEUDOTONES 


‘To obtain free field" noise spectra from data measured in the presence of 
a ground plane requires that the measured noise spectra be corrected for 
the spectral effects of the ground reflection phenomena. In the presence of 
a surface, the recorded noise spectra of « source will be affected by the 
interferences between the direct and reflected sound waves; with destructive 
interference or reinforcement of the signal dependent on the differences in 
in direct and reflected sound path distances. 


The theoretical bases for the following a taken from the analyses made by 
various authors (References 7, 8, and 9;, 


During a flyover, the geometry of the point source and microphone receiver 


relative to the ground surface is as shown in Figure D-1, 


The source of the sound is assumed to be a point source which produces a 


stationary and random noise. 


In the vicinity of the microphone ground suiface irregularities are assumed 
to be small when compared with the wave length of the sound in the frequency 
range of interest, such that specular reflection can be assumed and that the 


concept of an image source can be adopted. 


If the ground is considered as a perfect reflector, the ratio, R, of the 
resulting mean square pressure to the ean square pressure which would 


have been meusured in the ''free field'' is given by (References 7 and 9): 


Relt+t—++ic 
z 


where 


Preceding page blank 
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In the case of a pure tone, the autocorrelation coefficient, C,, is given by: 
Cy # cos 2n ot, 


The reflection index, AN, associated with this frequency, expressed in dB, 
represente the difference between the total sound level (direct plus reflected) 
and the direct signal along. It may be expressed as 
1.2 Ar 
AN = 10 log, 4 [i tea +5 cos 2n x] 
A plot of reflection indices as a function of Ar/\ for the geometrical 
parameter Z = r'/r = 1 are shown in Figure D-2. A phase difference occurs 


between the direct and reflected waves because of differences in acoustic 
path length. 


The resulting 1/3-octave band spectrum will contain a series of peaks and 
nulls with the theoretical form as shown in Figure D-2. The peaks occurring 
at wave lengths, \, that are multiples of the sound path differences and the 
nulls at one-half wave lengths. The first null would occur for the case of 

the aircraft directly overhead at 


Xs 2h 


Figure D-3 represents 1/3-octave band spectra plots for a typical test run 
for microphones located both 4 feet above the ground and flush with the 
surface, The spectra for the flush microphone was normalized -3 dB to 
account for pressure doubling. The noise spectra measured with the 
rnicruphone 4 feet above the ground exhibits nulls and peaks corresponding 
to the theoretical curve in Figure D-2. Since these nulis and peaks are not 


associated with the noise source, they are classified as pseudotones. 


The flyover-noise analysis computer program (E2QH) provides as an output 
the desiynated, by frequency and amplitude, tone corrections that were 
determined by the procedures specified in Appendix B of FAR, Part 36. 


However, pseudotones are not associated with the noise source and must 


at Aly 
POINT =e. ort 


SOURCE 
A 


MiCROPHONE 


GROUND 


t 
1 
POINT SOURCE IMAGE A’ 
¢ LENGTH OF DIRECT SOUND RAY 
LENGTH OF REF LECTED SOUND RAY (LENGTH MA‘) 
PROSECTION OF DIRFCT RAY ON GROUND 


h HEIGHT OF SOURCE ABOVE GROUND 
hb’ HEIGHT OF MICROPHONE ABOVE GROUND 
dr oe’ « OUFFERENCE BETWEEN REFLECTED AND DIRECT ACOUSTIC PATHS 


FIGURE D-1. GEOMETRY OF POINT SOURCE AND MICROPHONE RECEIVER 
WITH RESPECT TO GROUND SURFACE 


vic 
LAP 


FIGURE D-2. THEORETICAL 1/3 OCTAVE REFLECTION INDEX 
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not be applied to the PNL values to obtain PNLT. Table D-1 isa summary 
of those tone corrections that are considered as pseudotones. Such tone 
corrections were subsequently removed from the PNLT values shown in 
Table C-2 of Appendix C. 


TABLE D-1 
SUMMARY OF PSEUDOTONE ADJUSTMENTS 


MEASUREMENT _____TONE CORRECTION 
cabot a MICROPHONE) F REQUENCY — He 


1 
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TABLE D-1 
SUMMARY OF PSEUDOTONE ADJUSTMENTS (CONTINUED) 


AMPLITUOE — PNLEB FREQUENCY - MH: 
os 280 . 
a1 800 
ts 1000 
29 630 
08 400 7 
09 260 
0? 260 
os 200 
08 780 
07 318 
15 800 
2H 16 630 
208 07 160 
20c 12 260 
200 tw 280 
2 1.3 1600 
2G 25 1260 
20F 1.9 630 
0c 1.0 250 
200 1.0 280 
30E 1.2 1600 
30G 0.6 400 
ac 1.0 280 
210 0.7 128 
aA 08 315 
3c 1.1 260 
RF 1.0 280 
2H 07 160 
Ne v1 260 
33 aa 260 
30 hm) 280 
BE 1.2 250 
39F Ww 160 
3H Vt 630 
ke] 09 250 
x a 260 
xD 1.4 260 
Ae 0.6 250 
MG 0.9 400 | 
3H 1.0 630 
me a 1000 . 
NOT’ 
(1) D& TERMINED BY PROCEDURES SPECIFILD IN APPENDIX BR, OF FAR, PART 36. ‘ { 
(7) ALL FREQUENCIES REPRESENT 1HE CENTER FREQUENCY OF THE 1/3-OCTAVE BAND IN . ; 
WHICH THE TONE OCCURRED. ; 
1 | 
| 
1 
q 
i 
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APPENDIX E 
SUMMARY OF DATA ANALYSIS 


‘The data resulting from the processing and analysis of the flyover -noise 
measurements are summarized in Table E-1, For the microphone locations 
not listed, data analyees were not performed because of unacceptable 
recorded noice or aircraft operational performance measurements. This 
included all of the first night's data (Runs 1-19), 


Vable E-1 is a listing of the measured data, the applied corrections and 
adjustments, and the resultant reference-day noise levels for all the 


analyzed Phase II flyover data. 


The columns, as nurnbered, contain the following information: 


. TARGET THRUST. Fy /ampl!000 Ib) 
2, RUN NUMBER 
3. MICROPHONE LOCATION 


4, LATERAL DEVIATION, FT - Distance perpendicular to and measured 
from the ground projection of the flight path to the microphone location. 


5. AIRCRAFT HEIGHT, FT 


6, SLANT RANGE, FT - From measurement location to closest point of 
aircraft (CPA) 


7. MEASURED EPNL - Data analyzed as measured (including only 


measurement systein corrections) 


8 REFERENCE WEATHER EPNL - Adjusted to reference-day conditions 
(77°F and 70-percent relative humidity) 


9, TONE CORRECTION (MEASURED) - Determined by FAR, Part 36, 
Appendix B 


137 


10, 


11. 


12. 


13. 


14. 


15. 
16. 


17. 


18, 


19. 


20. 


21. 
22. 


23. 


TONE CORRECTION FREQUENCY - Center frequency of 1/3-octave 
band containing tone 


MEASURED EPNL MINUS TONE CORRECTION - EPNL with tone 
correction removed if due to a pruedotone 


REF. WEA. EPNL MINUS TONT CORRECTION - EPNL with tone 
correction removed if due to a ps. edotone 


MEASURED dBA - A-weighted sound level including only measurement 
system corrections 


REFERENCE WEATHER, dBA - Measured dBA adjusted to reference - 
day conditic as (77°F and 70-percent relative humidity) 


TRUE AIRSPEED, KNOTS - Measured airspeed 
ACTUAL THRUST. Fy/8amb !b 


AIRSPEED CORRECTION (EPNGB) - EPNL adjustment to reference 
airepeed 


THRUST CORRECTION (EPNdB) - EPNL adjustment to target thrust 
EPNL (ADJUSTED) - (8) or (12) + (17) and (18) 


THRUST CORRECTION (dBA) - A-weighted sound level adjustment to 
target thrust 


dBA (ADJUSTED) - (14) + (20) 
PNLTM (MEASURED) 


DURATION CORRECTION (MEASURED) - (22) - (7) 
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APPENDIX F 
PROCEDURE FOR NOISE CURVE DEVELOPMENT 


Determination of a mean curve fit to a set of experimental noise-level data 
has long been a problem in establishing the relationship between noise level 
and distance from a source. Numerous techniques, such as least-square 
curve fit to a polynominal of a desired degree or simple use of a ship's 


curve, have been used, 


In this program. the dependence of noise level on distance from the source 
is based on a ieast-square curve fit using an expression accounting for the 
decrease in noise level with distance according to a logarithmic decay term 
(spherical divergence attenuation) and aterm for atmospheric losses having 


a linear coefficient (atmospheric attenuation). Thus it can be expressed as 


L, - @ log (X/X,) -b{(X - X_,)/ 1000) Sls, 


where 
i = noise level at reference distance, EPNdB or dB 
a = coefficient of logarithmic decay term for given noise~le- el quantity 
X = distance between source and receiver, feet 
Xo ~ reference distance of 250 feet 
b = coefficient of linear decay term tor given noise-level quantity, 


EPNdB/1000 feet or dB/1000 feet 


lL. = noise level at distance X, EPNdB or dB 


(A variable coefficient was included for the logarithmic term because there 
was net ana! priori reason for the EPNL or the A-weighted level to decay a 
exactly as the inverseesquare law. The value of the coefficient should be 


approximately 29, ) 
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It is necessary to find L,, a, and b such that a curve through the data points 
minirnises the error. There are, in general, N data points, and the form of 
the equation, for a general data point at xX, Yi. becomes 


I. og (X,/X,) -b [X, - X,)/1000] = L. 


To simplify, 


let log (X,/X) = WwW. 


and (X, - X,,)/1000 = Zz, 


which gives 


Li,-a Wi -bZ sb, 
For the DC~8-61 airplane in this study, the coefficients, (L.. a, and b) were 
determined by the use of a regression method and the noise level as a function 
of distance for each power setting generated. Because of insufficient data 
points in the basic Phase II study, some of the noise curves were in conflict 
in relation to the noise data for the other power settings. When this happened, 
curves were readjusted by using (noise versus power setting at a desired 
altitucs) cross plots. 


In addition, curve definition outside the measured data points required 
extrapolation. Such extrapolations are shown as dashed lines in Figures 
14 and 15. 
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APPENDIX G 
SOUND PATH EXCESS ATTENUATIUN BY LAYERED WEATHER METHO)) 


The determination of the reference-day noise levels presented in this report 
are the result of atmospheric attenuation adjustments based on ground level 
nivasured weather conditions at the time of the specific flyover-noise measure- 
ment, Table G-1 contains a summary of the measure and reference-weather 
PNI.T and EPNL values for selected flyover-noise measi. *ments. All data 
are for locations directly beneath the flight path, thus eliminating any lateral 


noise attenuation. 


The effects that any variations in upper-air weather might have on the 
determination of reference-day noise levels were investigated. For each 
of the measurements listed in Table G-1 the sound path was divided into 

a series of segments or layers, The average weather conditions for each 
layer were found from the upper-air weather data presented in Figure B-4. 
By use of a subroutine from the E2QH flyover-noise analysis computer 
program the ARP 866 atmospheric absorption adjustments for each layer 
were determined, summed, and then applied to the measured data to 
obtain PNLT and EPNL (listed in Table Ge1!), and 1/3-octave-band sound 


pressure levels (shown in Figure G-1), 


Comparisons between the 1 easured data, and the data based on surface 
weather and the layered weather methods of determining reference-day noise 


icvels are presented in Table G-1 and Figure G-}. 
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TABLE G-1 


SUMMARY OF NOISE LEVELS DETERMINED 
BY SURFACE-WEATHER AND LAVERED- 
WEATHER METHODS 


TAKEOFF 
TAKEOFF 
| TaKEorF | 
TAKEOFF 1235 ' 3942 | 1177 
TAKEOFF 111.3 | 117.8 | 100.3 
TAKEOFE 198.7. ]1194 | 114.2 
TAKEOFF 108.4 | 108.9 | 108.0 
TAKEOFF 106 5 | 106.0 | 108.6 
TAKEOFF 102.1 | 102.7 | 103.5 
TAKEOFF 108.0 | 108.4 | 197.4 
TAKEOFF 102.9 | 103.4 } 103.3 
LEVEL 86.0 | 868 | B88 
TAKEOFF 124.0 | 124.2 | 116.5 
TAKEOFF 115.6 | 116.6 | 110.4 
TAKEOFF 108.9 | 110.4 | 106.7 
TAKEOFF | 122.0 | 1225 | 114.6 
TAKEOFF 114.6 | 116.2 } 108.9 
TAKEOFF 108.1 | 110.9 | 104.3 
TAKEOFF j 123 | 123.0 | 114.8 
TAKEOFF ' 1938 1195.7 | 108.3 
TAKEOFF | 1075 | 100.9 | 103.6 
4 LEVEL 9264 34 777 | 75 | 823 
8 LEVEL 9279 79.6 | 40 | B01 | B25 
t 
c 73.8 | /26 | 73.3 77.8 
A | APPROACH | 4794 93.2 | 940 ! 965 | 905 
a | appRroacH | a7ta | 1sa7 | 186.7 11018 1078 | 106.1 | 97.8 
c {approacn | 4 805 | VBA | 1091 | We | 103.0 
BY arpnoacn | 881 | age | ors | are 
H | APPROACH | i | W038 | If15 | 1006 | 0.9 
«| APPROACH ; | Me © | 108.6 | 110.3 | 102.8 
a | APPROACH | | y12 } 920 ; 948 | 49.7 
8 | APPROACH 996 | 101.1 |} 1035 | 97.8 
C | APPROACH H 106.6 | 107.5 | 109.0 | 1U2.5 
A LEVEL 828 | 83.0 | 339 | 83.5 
c | LEVEL Av.8 | 37.3 | 897 | 862 
A | LEVEL 846 R48 86.3 , 83.4 
B LEVEL neo | g5.7 | ar2 | 847 
c LEVEL 85.5 | 65.3 | 46.2 } 86.1 
fa] CEVEL 138 72R | 15.4 
Cc LEVEL ! 73.6 "9 | 136 
c | LEVEL | m2 | 726 4 734 
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APPENDIX H 


COMPUTER PROGRAM, D3AA, FOR DETERMINING 
FLYOVER NOISE LEVELS 


This program was developed in compliance with FAA Contract No. 
DOT-FA73WA-3161. 


x 
The purpose of this program is to calculate EPNL and A-weighted sound 


level values for a specific aircraft at a desired power setting and altitude. 


The FAA noise definition digital compute. program is written in Fortran IV 
language for use on a IBM 360/370 computer system 


The program has a built-in data bank to define EPNL and A-weighted sound 
level curves for six aircraft, namely DC-8-61, DC -8-63, DC-9~-30 with 
JT8D-7 engines, DC-9-30 with JT8D-9 engines, DC-10-1C, and DC-10-40. 


No library routines are required for program operation because of a built-in 


linear interpolation routine. 


The inputs requir -:d to calculate EPNL and A-weighted sound levels are: 
model (see program listing for code numbers}, power setting, Fy for 
DC-8 and DC-9, or N,/V0,, for DC~10; and altitude in feet. Any number 
of cases can be input and calculated without a sentinel in the data cards to, 


terminate program execution. 


The program will check each data input to verify that the desired power 
setting and altitude are within the range of the defined curves for the 
applicable model. If either of the values is outside of the range, a 
message to that effect will be printed along with the model, engine, and 


input power setting and altitude. 


Output is on a 11 x 17 page but can be modified to any format desired. 
A sampie of the output format is shown on Table H-1 of this appeniin. 
Note that EPNL values are representative of fixed aircrz‘t velocities. 
Determination of the EF NL for cther velocities can be .nade by the fo) roula 


10 log V/Vp ee 
A fiow chart, Figure H-), input format loading she2t and program listing 


are attached to this appendix. 


The only change to the computer listing, over that provided under Phase I, 


was the cuive slope v2iues for the DC-8-61. 
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WRITE 


i$ 
THERE A 
DATA CARD 


te meas 
iis 


Sane rte 
READ DATA re | | vES 
MODE, PowER / 


SETTING, DISTANCE: 


meen a 


CALCULATE erat 


& 
SOUND LEVEL-A | 
VALUES 


{ 
$ 


a 


i] 


Witt MOG. Ff 
POWER SETTING, 
D “TANCE 
yee 
Sie HY wae | 
| DEFRL atuiS: : ! 
CURVES FUR DES.RED | | 
AIRCRAT | 4 


pee aR ee She NY i : 
A | a. 
ARE SN. 


POWER = S } WRITE 
SETTING & oistancd. ERROR 

WITHIN RANGE ~ MESSAGE | 

oe ee | 


FIGURE HT FLOWS FART FOR COMPUTER PROGEAM D244 


. ? 
eR a nC ee ea eeaneeermpummnean ido. 


eS uk eee 


a 


9° m4 


IVIFTTVAY LON YiVG 


>+°O0T 
4°94 
Sows 
6°TS6 
4°28 
reed 
o°3a 


W— TIA 99 
NANS 


22st 


Torr 
4° LU 
7°91 
O*rut 
gern 
6°66 
4°% 


VINA) 
$N49 


SIANY OAT 


SLONW ORT 
StINN ORT 
SLONN O3T 
SiNNY OAT 
SLOAINY GST 
SLINW SCT 
TENN A4E 


ALTINAIA 
LIVHDYT 


°44 0°00GT 
*14 O°000T 
“14 0°OO0T 
“24 0°0001 
*t4 o°don0T 
“14 O°O00T 
“hd 0° )901 
°k4d O°000T 


“Lo 0° O05 


Wailsiv 
Lavyayiv 


sat 


<4 


$a 


sat 


$9 


sa 


sai 


$47 


$41 


4 


0°OU0%T 
O°O0009T 
0°000ST 
0°9002T 
0° QUO0O0T 
o°oene 
0°*0009 
0°000S 
0°00» 


MEELas 
MIMNd 


WVHOONd HALNAWOO 


a a a eine 


VVEG WOUS LNdLNO JIdWVS 
b-H 316VL 


9€-GF Le 
ag-neir 
qc-neir 
q¢-ucir 
ye-neir 
ac-acir 
ge-aeir 
qe-NeLe 
ae-ceir 


INT IN 


13-8 -30 
19-39-99 
TQ—9 = 9/7 
T9-8-—)) 
19-297 
1 2=9~199 
19-22-71) 
19-3-71 
1 2=—R— WO 


V4. WwW 
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DSAA COMPUTER PROGRAM LISTING 


FAA CHDESE Bangs AM 900000490 
040900059 

09000060 

THe CNT Vee eRS FOF THE & ALFChKAFT ENCLUDEO itt Tr} S PROGRAM ART 499007070 
LEsTen AFL ow 36970080 
MUSE ENGINE COME Mie 0 1090990 

NC ~Awe t JTIAN= 38 1 00003100 

ff -n-467 Jfan-7 2 WIWNILIO 

U6 -9= 39 JTa&O-7 3 039000120 
116, 9-30 Jtan-@ *& 20000230 
OfL=-b9=10 CFh-4N 5 OCI00U1L40 
NC212-40  STA-=270 o JN000059 
251900160 

INPUT PATA T$ TO INCLUNL ALAC R AFT CODE,R PM OR THRUST, ANN) ALTITUNE 909001790 
109I9ULB0 

JOIODILIOA 

OEMENS TOR ERNE EPG) eDbEACS a oO Veb RAD 80990200 

t) WRITE (60207) . JU000210 
LQ KAU MAT CLIN Le AA SUK PEAR —- ATRCRAFT NOCTSE OFF TNE TIONG) 103009220 
whITS (hells JVU00230 
L10 FURMATELHO SSL, PL WER AITECKAFT AlFcPart FPNL,» 90000249 
1 SOUND") 0Y090259 
NQATTh (6,120) 02003260 
L2d FOWRMATULE 52K eo MODEL Te BAe TENGINE 85 7,9 SETTING ALTITUDE 30390270 
LVELOCETY FPN LiveL-aey 1NDO02RO 
«af 99900290 

20 anKel 00000300 
TF 06 4G67.25) Gs TO LO 99900310 
PEAY C5 eAu el 499) MINEL THE USTEALT 1QIDVIIZY 

SO CRVOMAT C12 2% eh Tele trek Void 30900339 
GO TV bs Qe Fee re Gd MIE 09090340 


L weITE GO,20L) TPS Te AL ® 
ZOOL FUEMAT CIRO, 23x, 1 DC -H-ot 
Lo o¥,tFt.*) 
ut) TO $00 
e aR( TS te, 202) THRUST ALT 
202 FUEHAT flr ee 3x. COC -Aa-O4 
Loav,?Stie) 
aft Tr 360 
Pel LTE (CH,sedsp THRUST ALT 
209 Hr eMAr UL OH, FIC HG- 30 
Leet Feet 
nl FY 694 
@ aI TE Ther dad “HUST ait 
2G Ce MAP CLO PI, EOL 9" 50 
Loix.8e7.') 
47 TT Sud 
5S qiET 16,7056) Tee gsTert T 
ZS Fewer CLA 2d, 1W-1I-1) 
Lota. ?hT.%) 
6, 7 630 


cS Berd 


TABLE H-2 


19900350 
ST EHV, Ome Tel etme MLAS IME Tele 30900300 
OIA 
01000380 
09090399 
ITAV— TF Hee er Feb ete LIS a IMF Tole JOONIGDY 
bye rerelen wae) 
III O 
VIO) 43a 
STAT Sp Oke Lobo dm LSS op IKE TAL, VIDA 
Gadde te: 
VOIDDVHD 
dII9047 > 
STF MAE TL Te LAST BME Teds HIDING GY 
OW VSL 
YVAGIGWTY 
WOANNDISLI 
C2G-Ol) Ty Kee okey ROMS UME TLL, 2 VOIDS D 
090 904939 
10900943 
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TABLE 4-2 
OSAA COMPUTER PROGRAM LISTING (CONTINUED) 


& ARIT: (62°96) TRRUST,ALT : 
23G FUOMAT (149029. OCHL-a0 STAN MK ZI" OMe Fab elKy *ROM* IK PL, 
Loar,¢rr.) 
$cU CUNTE Ue 
(NDE Ke 
Eh TD CULe RSet del@olSe lode VINEL 
LL GALL O7309B CAL T THOUS? EPL HA, P WER -NCURVE ) 
Tnvete ad. 
APPVEL® 155. 
LEC THRUST. GT.LOINI.) GI TH $00 
VTRE = APPVEL 
Gu Ty a0) 
600 VTeiies TOVEL 
BL LECTUS Te GT ot Ws oANiDg THR ISTOLT2AVOO.! GN TN B62 
Gi) Tt) AOS ‘ 
BUZ CTRIE © 1550 © COTHR IST—602V) DSC HUDD HH ding DPSELED -1556) 
TAME Re] ' 
a3 CONTINUE 
60 7) 59k 
Lz CALL JT3IAT CALT, THRUST EPA sQMA sPOMER NCURVED 
TOVEL® 190, 
GVPVELS 155. 
LECTRUSTLGT.6)0)0) 92 TC 305 
VTRIE = AVPVEL 
6 TO 398 
RS VTHYES TWEL 
HO LECTURUST GT eh Ws AND STHPUSTOLTOHUI9.) GO Th AUT 
oo 7. 48 
BOF CTRL = 1650 & FC THRUS T—O0U) 014080090. ~GU000 1) FC L900—1956) 
INDe EL 
B28 CORNY INGE 
ou TQ 901 
LB CALL ITIOT CAL Te THRUST SERN »NYA POWER »NCURVE) 
rovlce 7. 
APPVEL® 14d. 
PECTHAUST.CGT.O300.) '() TI 310 
VTRIE = APPVEL 
Gu YD) 8h 
abo vteuls TOVEL 
BULL LECT ABUISTEGT GUC Ie AND. THR ISTOLT29900.) GI TN SL2 
Gud TA ALS 
BL2 CTHNE 2 1400 & COTHEUS 7-600. 9/7138230. -60920 DP FULIOe -140.) 
MOT Kel 
OLS CINTEIUE 
Go Te $01 
16 CALL STAID CAL TE THRUSTS EPNL -CBA ePOWER NCURVE) 
TOVEL@ Lode 
ARPVEL® 140. 
PECTHAUSTS 2F.6909.)9 GI) TH B15 
vTeue = APPVEL 
60 Th Aha 
B15 vTeus= TWEL 
BLO TECTHAUSTLGT AIO. ot UG THE IST LE T,800).2 Gd TN BIT 
GU 7) ALB 
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090095590 
19000560 
WIS 70 
99209590 
09000590 
¥00 0800 
3990) 6010 
yag900629 
00090639 
10000640 
30006450 
930006) 
917900679 
09300080 
34.900690 
30000700 
9)0007TL) 
19990720 
04090730 
agd0a TaN 
30000750 
20000 760 
000 22779 
20000740 
9W00790 
209200E0N 
99000810 
10000829 
JU 200834 
dUV09849 
y0U00850 
00000 66) 
ounnne7n 
2000u880 
99000870 
90N0909)9 
23909910 
09003920 
119000930 
20000940 
900 70950 
300 39°69 
DV000NTY 
3Q00G4B80 
90.90.9990 
2200 t 900 
90032010 
2NV0VLV2N 
09001030 
JN0NL06 
49092050 
VIVEGHY 
wddROTH 
JNYQGLO 40 


aa? 
aie 
as 


&@20 
e2i 


a22 
eas 
6 


830 
630 


632 


633 
Sut 


510 


$20 


oe a ee te dd 


TABLE H2 
DSAA COMPUTER PROGRAM LISTING (CONTINUED) 


CTH? © TOM, © CE THOIST 0.29001 7180900-0 9. 09S 1 LOS. 1400) 20001049 
THIER) 90001106 
contrast 100011106 
sc 7) $41 00001120 
COLL CBMHD CAL Te THRUST CE PEL GLA  PilwES SPCURVE)D 10003330 
faovére ie. 00001140 
aeeverce 150. 00001150 
LECT GST .GT.260).) GO Th 820 90001160 
vTAUc © APP VEL 00001 1To 
GO Th 423 23001180 
wTaue: TPVEL 30601190 
TEC THAIST GT 26000 AND. THPUST.L%23000.) 40 TO 822 00001200 
60 TH 42% 0001210 
CRAUE & 150. © CUTHBOYUST=<26:20.) 719099. -2600. 1144180. -1 500) 00001224 
INNe ret 20001230 
CONT INGE 99901240 
6n TA $01 900012590 
CALL ITONZO CALT» THPUSTEEPNL NBA POWER »NCURVE) 10001260 
Yavele 229. 00001270 
APPVEL® 160. 00001 289 
SEC THRUST.GT.26U00) 67 TO 330 0601290 
VTQUT «© APPVEL 30001 300 
GY TN a3} 00001310 
VTQUE® TOVEL 00001320 
PECTHRUST GT. 26000 ce LND OTHE ISTOL T22009.8 GO TH AZ2 90001330 
40 TO 63) 10091340 
CTR © 1HDe © COTHPYST—2600. 1/1 3000. 2600. 1) %( 200. -1606) 90001350 
IMME Kat 20001 360 
CONTINUE 70001370 

TF COLT 27%. 10009..0K. ALT of 7.2008 GH TD 159 000013860 
TE CTHRUST GT POMERINCUPVE) IR. THRUST WUT. PIWERCLDIGO TA 152 20002390 
1TRsgl © VTRUE 20001400 
tev 20091410 
J20 90001426 
be tek 10002 430 
vote. 10001449 
1F CTHRUST 68. PCWER(TD .€ND. THEUST LF. PGwER(5)9GO TO $20 00001456 
GN YN SLO 30001460 
uc3 #143 30001470 
LC? #tC3-i 30001480 
ch atC2-t 30001490 
MC3 e9*3 90001506 
MC2 ©¥C 3-1 90001510 
mCi’ sMC 2-1) 49001520 
ATEPNE @ EPRLILCLI- EPNLILO2)@ ALUGLOCALT/250)-E PML (LC3 24 CALT=250 000L536 
Li/idou08 00013: 546 
HIEPNL © FONLOMC LIP FRPNL EMC 22% ALOGLICAL T/250)- =P CMC3 DOC ALT~25000001 550 
1171000) 10001 5:0 
DELTAS (HIFPNL=BTEPNL) SOON 458( s)-PUmlt RCT) 20001570 
REPL aC CTHOUST — PUWFECTII@NEL TACRTE ONG D 30001580 
BTUDA = NBOILOCLI-OAACLC2PPALOGLOCALT/259)-DEA(LC32¢ CU (AL T~250)7100000601 990 
ad 00001600 
AECGA @ NBAUMELD PBSEMCSPOALUGL OI ALT/ 259 9-TEA IMC 3360 16LT=250) 71000 0001610 
ub 10001600 
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TABLE 4-2 
O3nA COMPUTER PROGRAM LIGTING (CONTINUED) 


VEL TR © UHINBACKTORAD/ CPQWERE SP-PLME RCD) 90001510 

RONG © COTURUST —POWERI TD DOUFL TACO TONA 96001640 

1h CREPME WL TeHI.0.0R AOBAWLTL68.0) GO TH 1590 90001650 

GO Tt) 160 10001660 

300 LFLENDEX.GY.01GD TO 900 0001670 

GO fT) 380 90001680 

900 REPNL © REPNL +0 SO0.SALOGLOICTRUE /TOVELD) 70001690 

bal GO fT. 300 30001700 
ASO WALTE (6,160) 00001710 

100 FCUMAT (h40,90K,*CATA NOT AVAIL ABLE®) 00001729 

GO T9 20 90001 730 

: 300 WRITE (O,3TODITRUE REPNL PNA 00001740 
BVO FORMATE LHe TTX rT3e® KNOTS? AkoF Sole MPSA) 00001750 

GO T) 20 00001700 

ooo stne 90001770 

End 00001780 

SUERCITING JITIOSOCALT THRUST ,EPNL OBA, POWER NCURVE) 90002790 

DIMENSION EPN (243,08 (26),PHWE (8) 90001800 

DIMENSION EPNL (24) DBA(26) POWERS) 20001810 

C OC-4-6)1 00001629 


DATA £PNI1LON. 7966] 74, 20.0632769, 90 90S3S520, 11525630077, 20.86856002, 390001821. 
ML 598 O06Se 116095023368 » 34047754350» 0063091» 120. 6885435 SO.8916TIR, 90001822 
Bu STO? 73Ge N21 O137966, 28. 284UA44, « 7602853,122,2878108,25.81S64611, 00001623 
Co 79120604122 06600607, 2 3.5 7144050 0 V274164.123.0008562.20.864216, 00002024 
0.4705 643/ 00001825 

DATA 08796 .812297 6 19.2195639, 6. 5240398, 104. 6993912. 29. 1020822. 0000 1826 
AVe AM IUS4e 1072 4235931 0 32014972465 - 39OCO9l » 109. 1974386533.4560466., 90001827 
Ao 25004330211 0640236, 322 1 DLOSGH, 041 70348, 223221 786105390. 1038301, 9000148284 
Co $358 7985) 13094899922 27. 4G 32 281 yo O199591114.5832010,22.6167262, 0001029 


0.8112 7407 00001830 
NCURVE® A 00093930 
DATA POWE 72010.» 4000. 1 $000. 16000. 68000. » 10000. 012000. 415000./ 000014640 
7=0 00001950 
KENCURVE 83 00001400 
ON L fale 00001970 
EPNLCT) © EPNET) 00001980 

1 OBACT) © MALT) - 90001990 
DO2 Tal NT URVE 30002000 

2 POWERTT) © POWEII) 10002010 
RETURN 00002020 

END 30002030 
SUBCDUTINE JT3D7 CALT, THRUST, EPNL OBA, POWER »NCURVE) 90002040 

c DC-8-63 00002050 
DIMENSION EPN (262060 (26d—POWE (8) 00002000 
DIMENSION EPNL (24) .DBAC 26) »POWERLA) 90002070 

DATA EPH 1160201538401 7e450O3 12s 169636556011 76640061 3 o19e430500900007085 

Ke be 3S AAOR 30002060 

Le U1 Gs 9385383420. 30260421. 9990879 120.6706022 02163182806, 2668031: 90002100 

‘ ZU eDGELPZGy AL OLALSAL 6 S2VHK IF 9122 oe NONV9GS 0200379149 so 608721» 10002110 
3h23,2084992,1A. 7584281». 3620374/ 000u21 20 


DATA DB 7107. PTTT 249, ZISHSLSLGe ToBLTDI S, 108, 74924679 523222105, 30002130 { 
Ld 0 WP OT3He 109, 2998101 4 22.7791 267930 120933901 10.0663154.22 2.66903 76.09002140 N 
; 22 o FS2 22980 LL Ze PIL S942, 25. 764 1UO4e 1 LSS 7SHG, L198. 7490859 25 .0692832490092 i 50 | 
3e BLOAT T9s 6 14.0636897.22 0799250. 1 SSOGL TS 3000-7100 : 
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cet a ene pe eee sats aint eean ile 8m cess amet bam dade 2 8 te ree tet raters le es 


TABLE (4-2 
DIAA COMPUTER PROGRAM LISTING (CONTINUED) 


WEPA PEACE 2&9 009 SIGs OMe KOIDIe  LONDD, - h2UNO. 1 980008 10032170 
Wueyf «of 60002180 
{so 29002190 
KRONCUSVF OF 32002299 
9) & Tebea 19092219 
CPNLIT OD © EMCT) 0002220 
Ane(() 2 OP GTS 90002230 
WD TeLehCuave 10092240 
viwGae tp @ PIECE) 30002250 
mE Tees 290 392260 
Fey 30002270 
SUPRTETINE STALL TOALT, THRUST FONE NBA ePOMER SNCUAVE) 00092280 
06-9239 JTAN~F 10002290 
DEMENSTON EPN (240,98 (24), PUNE (4? 10002 309 
NIMENSTON FONL 626) 019BA0 24), 00n0P CH) 90002310 


DATR FPN £107. 73OSGOSs 1502 EL PI2S%, Fe 7243 4630 109.1677931 9 16.0 758876 10002320 
Vi @e TEM QOL s 2b 64:15 905» 15055477385 0% 237TH IML ALT. 37357 7001 70 8996 75200002330 
20k FILM, LLG. 92OHOSEMy LB ON ILIOT sb , FVCRNIH,LNF.1599095— 19. PRALIO[® 10002340 
31.8993 9037 9902590 
DATA NH £99 eG2744 76s 260 295% 308» 1b. 35.8969 30100. 8723899, P Se. 7L97FE, 30002364 
LeVIPFAIES LAL HVILOVM Be 2301 HEA, PLANS O25 f G0 5339605122, 64274626, 10002370 
26 194032 0 LOT 8Eb GAT Le ol PR2275 6 0 32 25398 hl ee 29310262922 5769483» 09002380 


3412936397 10002390 
BATA PAW 7240000 2 D000. 6G009. ACO. e LUIDI: ec A2Z00067 10002400 
NCUNVE @ 6 99002419 
{29 10062420 
RENCURNVE ©3 000392430 
OO &b tel 9.90 92440 
come(i) = EPNT I) 10002450 
NBAGT) @ NACE) ; 90002469 
N02 TaleMSUPVE 90092470 
PNMASP EL) © PeweCt) 00007480 
reTyer 09002499 
ENn 720002500 
SURRQITENE JTING CAL T, THRUST CPN FIBA POORER »NCURVE) 20002510 
C= 9-30 SPB 7 00002820 
UIMENSTOM FRPP (29).0H C26b,POWF (Hd 00002530 
UVIMENSTON EPNLT 29) RAL LS PORE CR) 00002540 


DATA EPM SUD FTO?PAD 4p 240 SH DD SHbe 1 VOV7 HA Sel VICAT TL VO e PRK BLZ5937» IOI2550 
Bh S2UFO5 Se LUD e PAIL 226 999H4 2, Le OORT AL dL 6593272 .2301363096- 20007560 
The2SIMI]AVD LL Ve PATH IT Te LGFU2Z7L DIAL Lo LOMNGES. LL, S5OGOHS, IPS peGENOTy poONeEO 
Bh LDIOTUS DAV DIZ DP Le ES CBI 4OG 140. VHOQ2OIDHS 09007580 

NOTA UR SOG GIGLE DG, 290 POISE G2 ce QOSH STIs LOGE IVI3 2, 2T-ATVIZIG, 300025390 
Pe EVES He 10! VLG LD AIUGLEIIL Hy ~ 842 5H94, 102. JUL 85975236378 2032- ON0926509 
2 SSH L798, L0G, FAAS HF, 216 MIISL Wy oe WIGS 99, Le 20 62002) 06258370, I000CH19 


De GIZDTSAR LIS 6 25 W202) 922 DTH IMAG L299 DIV 00002420 
OETA PME 72072200 400ue oD IDUe eHIOJIe 18002. sLV0I9. 1290967 390024650 
NCUBYE « 7% GOO? h40 
fet 30032050 
MONCURVE ©3 10002660 
ON R eben 00002670 
FPNL ET) © FONGT) 300020a0 
OZACT) «© DALI) 30052690 
192 fel NCUMVE 329002700 
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2 POWFRE TD © RUE CTD 
RETURN 
eNt 
Sil ITs C&VLO CALT, THOUS? FEPAT VAAPORER NCURVE! 
¢ OF -LI-1d CF Ob 
DEMENSTON FPN C24) 008 (202,FWE (Cad 
OLMEMNSTON CPIL O26) dda ( 24). PUNT RUA) 


Jo bb 54 495) 6 UL9. 926 1759, 18. SB2690H, .9U14806/ 


De DHASTIIVe LOSe 7 98VI54s 24.942 88 79,. 2198903/ 
WATA POWER 7229200 S40 oO eo BOVD 2s T4202 
NOURVE © § 
ten 
ReNCuaVvE @% 
OU Lk Tadee 
EPNLET) = EPRCI) 
Lb omactd © OaCT) 
wie TeleNCUFVE 
2 MPOWERCT) & POWECI) 


RETUPN 

END 

SYRROUTINE JTANID CALTS THRUST PEPE gUBA POWER NCUPVED 
c NC=10-40 VT9I-20— 


DIMENS FON FPN (24)00K (26),POWF (ud 
JIMENSTON EFPNL C24), 00A0 24), ONWEO1B) 


Jed 2725139 L136 SOL POS DMs bbe I94UGUSDs . 7929063/ 

VATA MH 79S e 31698 7h 200 TSTMS so FIBRILS V9. 85992 74,19.9SA301, 
Le THQK 2D DV STI A533 o LV B299S EG, o PLOGOT7 LOL DIQOHTI 2006277486, 
2c PSPSAL AL D2e FOO 19.1 9e9V32O951L oe VITSLSOS/ 

VATA @NWE F22VF ee VAMe e2h.d Dee 3TIW 2 ce BOL I0/ 

NCuRvVEe «#5 

te9 
RaPMCURVE e3 
DOM UL Tmden 
FONLO DT) © EPRET) 

Od A(td & Oal]) 

One teLeNCusve 

POWFKO LT) = OnwEedt) 

RETURN 

ea 
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DATA FON FLO 3Se T2OLLA Ge 130P8O4N05, SOO LOL9 se LIP. 29VA9VOl 9 18.0990953 10002 7h) 
Le Be LPS 729 6 LOVe TIOLU39» 1802925332 52 O74G923 LLL OSO3991 oe 88.5025103000 227. 


MATA MH £9, O2DB32 02 He LOVE Pee 40 24 PB261 » 200. 8441998 .26.13.33453, JOOUZALO 
12 e 2IOTZOBs LOLs LONG Me 240979647 Mr 2e LIASLAA » 10.3..393904605.24.5°) “S3is 1000240.0 


DATA FPN 1196059959690 19.62 2016902 o 3006963 4198, TAS 2025 0 19.2529155 10002999 
LP oD59S723 5 Fe 425% 790 19 DOD 7He Le FOVAGAG eo LAN OSS4371 019, 286097329090300" 


29002710 
00.902 720 
1090273) 
190.3? 745 
10002750 
900.92 760 
29002770 


9900280) 


1000249 30 
1000284 ° 
Oond24Su 
10002860 
20002470 
30002848) 
NNOZAGH 
00002900 
09002919 
30002920 
90902936 
90002940 
30007450 
10002960 
0002970 
0002298) 


90003019 
9003930205 
30001039 
30003060 
90003050 
390030t0 
9V00397C 
J9OUIIES 
309306") 
00093100 
2200311) 
IIE 
20003130 
09003149 
WOM Sa 
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